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SUMDMARY

The rate of change in power of uircraft engines with altitude has been the subject of considerable
discussion. Only a small amount of data from direct measurements of the power delivered by air-
plane engines during flight, howerer, has been published. This report presents the results of direct

measurements of the power delivered by a Liberty 12 airplane engine taken with a hub dynamometer -

at standard altitudes from zero to 13,000 feet. Siz flights were made with the engine installed in a
modified DH~4 airplane. The tests were conducted at the Langley Memorial Aeronautical Labora-
fory of the National Advisory Committee for Aeronautics.

The experimental relation of brake horsepower to aliitude is compared with two theoretical
relations and with the experimental resulis, for a second Liberty 12 engine, given in N. A. C. A.
Technical Report No. 252. The rate of change in power with altitude of a third Liberty engine,
measured with a calibrated propeller, is also given for comparison.

The data presented substantiate the theoretical relation of brake horsepower to altitude based
on the correction of ground level indicated horsepower for changes in atmospheric temperature and
pressure with the subsequent deduction of friction horsepower corrected for altitude. The equation

for this relation is 7
2 — —
B.HP..._=B.H]?Q[<&> (&)‘ (1 A Rn)_(k M,):!
Po Ta n n

where P is the absolute aimospheric pressure, T is the absolute temperature, n is the mechanical
efficiency of the engine at sea level and \ is the ratio of mechanical friction to friction horsepower
at sea level. The subscripts , and . denote sea level and altitude conditions respectively.

INTRODUCTION

The effects of altitude conditions on the power delivered by airplane engines have been the
subject of considerable discussion. However, there has been in the past very little information
available for analysis and publication from the direct power measurements on airplane engines
during flight. Further information has been obtained on the decrease in power delivered by a
Liberty 12 engine with altitude during several flight tests made for the purpose of calibrating
propellers. These tests were conducted at the Langley Memorial Aeronautical Laboratory of
the National Advisory Committee for Aeronautics, the engine power having been measured
directly by means of & Bendemann type hub dynamometer. (Reference 1.) Six full throttle
flichts were made to approximately 13,000 feet altitude on which the engine speed was main-
tained practically constant by varying the altitude of the airplane. The relation of power to
altitude, determined experimentally from these six flights, is compared with two theoretical
relations in which sea level indicated horsepower is corrected for changes in atmospheric tempera-
ture and pressure at altitude. Further experimental evidence of the rate of change in power of a
Liberty engine with altitude, taken from the data givenin N. A. C. A. Technical Report No. 252
(reference 1), and from power measurements on & third Liberty engine made with a calibrated

propeller, is also given for comparison.
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METHODS AND APPARATUS

The flight tests were made as full throttle climbs to approumately 13,000 feet altitude on
‘which measurements were taken of engine torque, engine speed, air speed, atmospheric pressure,
atmospheric temperature, and carburetor air temperature. Engine speed was maintained as
nearly constant as possible during these tests to avoid large speed corrections to power at altitudes
where torque-engine speed relations were not known. For the small speed variations encoun-
tered, the engine power was corrected to a constant speed by ratio of the constant to the observed
engine speeds.

Before an experimental relation of brake horsepower to altitude could be derived, it was
necessary to correct the brake horsepower from existing flight—conditions to the temperatures
and pressures of the standard altitude at which the engine was considered to be operating.
This standard altitude was taken as that corresponding to the density determined from the
observed atmospheric pressure and temperature. (Reference 2.) A given air density may be
obtained with a high temperature and pressure or with a low temperature and pressure while
the power delivered by an engine under the two conditions wouid not be the same, density being

P
a function of 7 while indicated horsepower is a function of —=; (P denoting absolute pressure and

/ T
T denoting absolute temperature). The observed power measurements were corrected for the
differences between observed and standard altitude atmospheric conditions, by the direct ratio
of standard altitude pressure to observed atmospheric pressure. A similar correction for
temperature was also applied, using the inverse square-root relation. These corrections were
applied directly to brake horsepower, rather than to indicated horsepower, for the reason that
the pressure and temperature differences were small.

These flight tests were conducted with & modified DH-4 airplane powered with a Liberty
12 engine equipped with Zenith carburetors. Measurements of engine torque were obtained
with a Bendemann type hub dynamometer which consists of a system of hydraulic pistons and
cylinders interposed between the engine shaft and the propeller in such a manner that the
hydraulic pressure generated in the cylinders is proportional to the torque. This pressure is
transmitted through small tubes and recorded by an instrument in the cockpit. A more com-
plete description of the Bendemann hub dynamometer is given in reference 1.  All other measure-
ments were recorded by means of an “automatic observer,” developed by this committee, con-
sisting essentially of a motor-driven motion-picture camera focused on the dials of indicating
instruments mounted on a panel. These instruments consisted of an altimeter for the measure-
ment of atmospheric pressure, an electric resistance thermometer for the measurement of
atmospheric temperature, a distance type vapor pressure thermometer for the measurement of
carburetor air temperature, an air-speed meter, and a chronometric tachometer.

RESULTS

Data from a representative climb are shown graphically in Figure 1 where brake horse-
power, atmospheric pressure, atmospheric and carburetor air temperatures, engine speed and
air speed are plotted against standard altitude. The data for the six flights analyzed in this
report are given in Tables I to VI. Carburetor air temperatures are not given in the tables
for the first five flights, because the thermometer used for this measurement was found from
later calibrations to be unreliable.

The experimental relations of brake horsepower to altitude for all three engines are shown
in Figure 2. The ratios of corrected brake horsepower at altitude to brake horsepower at zero
altitude for each engine are plotted against standard altitude. Curve A of this figure represents
the data taken from the engine used on the six flights at constant engine speed, curve B repre-
sents the relation for the engine used in the tests given in the report on the Bendemann hub
dynamometer (reference 1), and curve C represents the power relation for the third engine
where power was measured with a calibrated propeller.

Two theoretical relations of power to altitude, explained later in the report, are shown in
Figure 3 as curves D and E. The experimental curve A of Figure 2 is also reproduced without
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Frg. 1.—Data from a representative climb. Flight No. 6 of the modified DH-{ airplane wiih a Liberty 12 engine
and a standard Martin bomber propeller
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data points to give a comparison of the two theoretical relations with the most reliable experi-
mental relation.

Figure 4 illustrates the variation in the power delivered by the three engines with altitude.
The more accurate theoretical relation of power to altitude, curve E, is also reproduced on this
chart to show its agreement with all of the experimental data.

DISCUSSION OF RESULTS

Two theoretical relations of engine power to altitude are given for comparison with the
relations determined experimentally from the three engines. The agreement of these theo-
retical relations with the experimental relations as represented by curves is taken as a criterion

of the accuracy with which engine power at altitude can be computed from sea level engine
performance.
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The first relation is based on the assumption that indicated horsepower varies directly
with pressure and inversely with the square root of the absolute temperature (reference 3),
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F1¢. 3.—Comparison of the experimental percentage relation of power to altitude, determined from the six flights
apalyzed in this report, with two theoretical relations
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16. 4,—Comparison of the theoretical percentage relation of brake horsepower to altitude with curves determined
experimentally from three Liberty 12 engines

and that the friction horsepower at constant engine speed is the same at all altitudes. This
relation, based on brake horsepower at sea level and mechanical efficiency n, can be expressed as

B.HP,=B.HP, [(?Xg%)w(%) - (L;—”’) : )

Curve D of Figure 3 is based on the above equation, using values of pressure and temperature
from the standard altitude chart and a value of 88 per cent for mechanical efficiency at sea
level. (Reference 4.) This relation gives 7 per cent less power at 12,000 feet altitude than
that determined experimentally from the six flights.

The second method corrects indicated horsepower for temperature and pressure in the
usual manner, and the {riction horsepower for decreased pumping losses at altitude. The
pumping losses were considered to vary directly with atmospheric pressure (reference 5) and
inversely with the square root of the absolute temperature. Experimental justification of
the latter assumption is found in the curves of friction horsepower versus temperature given
in reference 6. The friction horsepower given in this report was divided into. pumping losses
and mechanical friction according to the ratio of pumping losses to friction horsepower given
by Gage. (Reference 7.) From these data it was determined that the pumping losses varied
with the square root of the absolute temperature ratio.

The second method, expressed in the form of an equation in terms of brake horsepower
at sea level, mechanical efficiency at ses level, and the ratio of mechanical friction to sea level
friction horsepower A\, becomes:

B.HP,—B.HP, [(%)(%)UZO +"“n“%>_<>>';z M)] @

Curve E of Figure 3 shows this relation as computed for the Liberty engine using a value of.
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\ equal to 0.5, as given in reference 7. This equafion gives a closer estimation of power at
altitude than equation (1), the discrepancy at 12,000 feet being only 3.5 per cent. A deriva-
tion of these two equations is given in the appendix. .

The curves for the two theoretical relations have the same general form as the experimental
relation determined from the six flights, although in both cases there is a gradual divergence
with altitude. No attempt has been made to evolve a method of computing power at altitudes
which would give closer agreement with this experimental relation than equation (2), because
the power of different engines of the same model operating at the same altitude may vary as
much as the percentage variation shown for the three engines in Figure 4. Tt may be seen
that the theoretical curve given in this figure is in fair agreement with the experimental data
from all three engines for the range of altitudes shown.

Of the three experimental relations given in Figures 2 and 4, curve A was the most accu-
rately determined, both in the number of observations and in the refinement of methods with
which they were taken. The variation of the test points from the average power curve for
the data taken on these six fligchts was within plus or minus 2 per cent.

A comparison of the power developed at zero altitude for the engine, represented by curve
A, with a calibration of the same engine, made in the laboratory with an electric dynamometer
shows that less power was recorded with the engine installed in the airplane. The cause of
this was not determined. However, since the laboratory calibration was made first, the de-
crease in power could be attributed to changes in condition of the engine with length of service.
Were the power at zero altitude taken from the laboratory calibration, the ratios of power at
altitude to power at zero altitude given in curve A, Figures 2 and 4 would be slightly lower,

and the curve would agree more closely with the theoretical curve computed from equation (2). )

Carburetor air temperatures measured in the inlet to the carburetor, on the flight for which
the data is shown in Table VI, were found to be from 10° to 20° F. higher than the atmospheric
temperatures. However, only a small error is incurred in using atmospheric rather than car-
buretor air temperatures in computing power at altitude from sea level engine power, for the
reason that the temperature drop with altitude is very nesarly the same for the atmospheric
as for the carburetor air temperature as shown in Figure 1. All temperature corrections applied
to both the theoretical and experimental power of engines in this report were based on the
temperature of the air surrounding the engine rather than on the temperatures measured in

the carburetor air-inlet passage. _
CONCLUSIONS

The experimental results from the three Liberty 12 engines tested substantiate the second
theoretical relation given in this report, the departure of any one of the experimental relations
irom the theoretical curve being less than plus or minus 3.5 per cent at 12,000 feet altitude.
This theoretical relation is based on the correction of sea level indicated horsepower for changes
in atmospheric temperature and pressure with the subsequent deduction of friction horsepower
corrected for altitude and is expressed in the following equation:

namne () () (:+4520)-052)]

LaxerEYy MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ApvisorY COMMITTEE FOR AERONAUTICS,
Laxerey Fizrp, Va., May 7, 1928.
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APPENDIX

Derivation of equation (1) (neglecting the decrease in pumping losses with altitude).
Assumptions:

M B.HP,~LHPR, (£2)(7¢) -F-HP,
Let n=mechanical efficiency at sea level. Then

an LHP,=PBEe gng 7.HP,= 1% BHEe,
Substituting (II) in (1)

(1 B.ap, = BLe (Te) (7¢)" - (Lon) B,

Qo

r, !
12 -
Equation (1). B.HP,= BE{P{(%) <'%> (%,) - (1 n n)].

Derivation of equation (2) (taking account of the decrease in pumping losses with altitude).
Assumptions:

@ B.HP,-1.HP, (%) @ﬂ)m _FHP,

where F.HP, =mechanical friction at sea level plus pumping losses at sea level
corrected to the temperature and pressure at altitude.

Let M\ the ratio of mechanical friction to friction horsepower at sea level and
n=mechanical efficiency at sea level.

Then
) I.HPO=B'%P°,
and
1) F.HP, =) F.HP,+ (1-N) F.HP, (57) @;)W
but
av) 7.HP,= =" B-H,
hence
—_— — — 1f2
W) F.HP,.‘=k (1 nﬁ)?)B.HPO_‘t_ (1—» (1 nn) B.HP, (%) (27;:) 2
Substituting values from (II) and (V) in (I).
VD B‘HE:BEPO (%> G’_{)lﬂ_ A (1— n; B.HP,

(1—N (1—n) B.HP, (13 <g>lﬂ
n P \T,) '’
simplifying

) P\ /T N2 A—An A—2An
Equation (2). B.HP,—B.HP, [(E)(T;) (H- . )_( - )]
. 329

49206—29

22



330

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE 1
: .BP.
Atmos- | Atmos- Standard Sta%d- T _lcﬁrﬁ%ted Cor- Ratio
. pheric | pheric | Standard Ajrspeed] Ob- | altitude | Pressure lt?g a etmper 31" for T. | rected | corrected
Reading} prescure ltempera-| altitude | R. P. M. | (M. P. | served | pressure | correction ta hwude urzz_ and P. | B. HP. | B. HP. fo
No. '} Yinches [ture (°F.|  (feet) Hj |B.EP.| (nches | factor loonep| factor | 8tob- |at 1,400 | B. HPom
Hg) | Abs) He.) e CF fRetor | served IRUPIM T 356
7 - R.P. M.
1127 50 482 350 | 1,400 | 73. 0 341 | 20.55 | 1. 074 517 | 0. 965 353 | 353 | 0. 992
2 | 26. 65 478 1,100 | 1,400 | 74 0 329 | 28.75.; 1. 078 514 | .964 352 342 . 961
312580 | 475 2,000 1,405 | 750 317 | 27.82 | 1. 078 | 511 .964 | 329 | 328 | .921
412485 | 481 | 3,700 11,410 77.0] 305 | 26.13 | 1.052 | 505} .975| 813 | 311 | .874
5| 2415 481 4,600 | 1,405 | 77. 5 293 | 25.27 | 1. 047 502 . 978 300 299 . 840
6 | 23. 55 481 5,450 1 1,405 | 78.0 287 | 24.47 | 1. 038 499 . 981 293 292 . 820
712285 480 6,400 ;1,405 ;78 5! 280 23.62 | 1.034| 496 | .984 | 285 284 | 798
812220 480 7,250 1 1,405 { 79.0 272 | 22.86 { 1. 029 493 . 985 276 275 773
9} 2L.80 | -480; 7,850 ;1,405 79.0. 270 | 2235 1.026; 490 .980 | 2V4| 273 | .767
10 | 21. 35 478 8,450 : 1,405 | 79.5 ¢ 268 | 21.84 | 1. 023 488 . 989 271 270 . 758
11 | 20. 90 478 9,100 1,400 | 79.5 i 260 21.30 | 1. 018 486 .992 , 263 263 . 739
12 1 20.55 | 476 . 9,550 . 1,400 | 79.5 | 256 | 20.94 | 1.018 | 484, .992 . 259 | 250 | .728
13 20. 25 475 9,950 ; 1,400 | 79. 5 247 | 20.62 | 1. 018 483 . 992 249 249 700
14 | 19.90 | 475 10,500 1,400 | 80.0 | 244 { 20.18 | 1. 013 | 481 | .994 | 246 | 246} .691
15 | 19. 55 475 | 11,050 | 1,400 | 80.0 240 1 19.75 | 1. 011 479 . 996 242 242 . 680
16 1 19.30 | 475 11,500 (1,400 | 80.Q | 237 | 19. 41} 1.006 | 477 | .908 | 238 | 238 .669

Data from flight No. 1 of a modified DH—4
charger propeller.

airplane with a Liberty 12 engine and a Martin bomber super-

TABLE 2
Atmos- | Atmos. Standaré Stand- [ ngr're}f:{g;a Car- Ratio
Reading| PReric | pheric | Standard Alrspeed] Ob- | altitude | Pressura | 304, Tempera-[p "n™t wooted | corrected
No. pressure tempera-| altitude {R.P.M.| (M, P. | served | pressure .t . and P. | B.HP.! B, HP to
(iﬁch)es tuiei) £°)F. (feet) H.) B.HP. Cl},rimh)es . ;‘etr 3223(-1 ﬁt 1}’,5;\5{0 B. E{Si’o-
2. Abs. Hg.) Abs.) poved |R B M. 2
12815 497 600 | 1,540 { 75.0 | 368 | 29.28 | 1. 040 516 | 0.980 | 375 | 377 | 0.982
2| 26.95 ! 493 1,800 | 1,550 | 76.5 358 128,02 | 1.040 | 512 982 366 | 366 | .953
3|25 95 500 3,500 | 1,555 ; 78.0 ) 345 )26.32 | 1.014 | 506 .984 | 344 | 343 | .893
41 25.05 500 | 4,600 | 1,570 | 79.0 | 335 | 25.27 [ 1. 008 502 | .998 337 | 333 .867
5| 24.30 | 497 5,450 | 1,550 | 79. 5 320 1 24,47 | 1. 006 499 & |, 997 321 321 . 836
6 | 23.35 497 6,850 1 1,550 | 80. 0 311 | 23, 21 . 995 494 | 1. 002 310 310 807
7 | 22. 85 495 7,850 i 1,550 | 80. 5 302 | 22.78 | .997 492 ; 1. 002 302 302 . 787
81|22 30 492 8 000 | 1,550 | 81.5 294 | 22. 22 . 997 490 | 1. 002 294 294 . 766
912170 | 489 8600 1,545 820} 287 ;21,72 1,000 | 488 1. 000 287 288 | .753
10 | 21. 25 485 9,000 : 1,550 | 83. 0 277 + 21.39 | 1. 007 486 . 999 278 |. 278 724
11 20. 85 484 9,600 : 1,535 ) 84.0 | -272 | 20.90 | 1. 002 484 : 1. 000 272 275 716
12 20. 50 484 10,300 | 1,540 | 84. 5 270 | 20.34 | . 992 482 | 1, 002 268 269 700
13 1 20.00 481 | 10,700 | 1,545 { 85.0 266 | 20.03.{ .998 480 | 1. 000 265 266 693
14 | 19. 60 481 | 11,400 | 1,545 | 85. 5 259 1 19.48 | .904 478 1 1. 002 258 259 677
15| 19. 25 481 1 11,900 { 1,545 ! 86. 0 256 { 19.11 . 993 476 | 1. 005 255 256 667
16 | 18. 95 484 1 12,600 | 1,545 | 87. 0 251 | 18. 58 | . 981 473 | 1. 011 249 250 | .651
17 | 1860 | 484 | 13,200 F 1,545 | 88. 0 | 247 | 18,14 | .975 471 | 1. 013 244 1 245 638

Data from flight No. 2 of a modified DH-4 airplane with a Liberty 12 engine and a standard Martin bomber

propeller.
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TABLE 3
i
Atmos- | Atmos- Standard Sg%d' Tem m_.ei:re%tfe’a Cor- Ratio
Reading| Dheric | pheric | Standard Ajrspecd] Ob- | altitode | Pressure [ ;0000 tm_%e i for T. | rected | corrected
No. | bressure jtempera-f altitude |R.P.M. | (M. P. | served | pressure | cotrection tempera-! cortection! 224 P- [ B- HP. L B. HP. to
{inches ture (°F. (feet) . H) B.HP.| (inches factor ture (OF I “factor atob- [at 1,550 | B. HPe=
Heg.) Abs.) Hg) Abs) : ; sarved 1R, P, M 384
- R.P.M.
i
I
112860 507 750 | 1,555 1 75.0 1 3721 20.22 | 1.022 | 516, 0.991 377 | 376 | 0.979
2(27.55| 504 | 1,800 1,555 76.0 36128021017 512! .092: 364 | 363 | .946
3|26.55) 50L| 2,000 1,550.!76.5 ] 348 126.91|1.013 ( 508 .992, 350 | 350 | .911
4)25.80) 496 | 3,500 | 1,550 { 77.0 [ 339 (26.32|1.021 | 506 | .990 . 343 | 343 | .803
512495 493 | 4,400 1,550 | 77.5; 3302546 ;1.021 ; 503, .990 333 | 333 .867
624251 490 | 5,150 | 1,550 [ 78.0| 320 |24 75)1.021| 500 | .990, 323 | 323 | .841
7123.65| 487 | 5800 1,550 | 78. 5| 3511|2416 1.021 | 498 | .988, 314 | 314 ] .818
812300 4857 6,550 ;1,550 | 79.0| 305 )23.48)1.021 | 495 | .9901! 308 | 308 | .802
912240 | 489t 7,700 1,550 {80.0| 2952248 1.002! 491 | .998; 295| 295 .768
10| 21.85 | 492 8,650 | 1,550 [ 81.0 | 287 1 21.76 ; .996 | 483 1.003 | 287 [ 287 | .747
i1121.40 | 492 9,300 1,545 [82.0) 8791 21. 14 .988 ;| 485 | 1. 007 [ 279 | 280} .729
121 21.60 | 492 9,900 | 1,545 | 82.5 | 275 20.66 | .984 | 483 [1.008 | 273 | 274, .713
13 120.75| 490 110,300 | 1,545 | 83.0) 270 | 20.34 | .980 | 432 | 1.009 | 267 263! .608
14120.40 ) 489 | 10,700 [ 1,545 (83.0 | 267 . 20.03 | .983 | 480 1.009 | 264 | 265! .690
15| 20.10 | 487 | 11,000 | 1,545 | 83.5 | 266 , 19.70 | .984: 479 | 1.008 | 264 | 265 ] .690
16 | 19.756 | 484 [ 11,850 ; 1,545 | 84. 0| 260  19.56 | .990 ; 478 | 1.006 | 259 | 260 .677
17 ] 19.40 | 482 | 11,800 | 1,545 | 84.5 | 259 | 19.18 | .990; 475 | 1..007 | 258 | 250 | .674
18 1 19.05 | 481 | 12,250 | 1,545 1 85.0 | 256 | 18.84 | .983; 474 | 1.007 | 255 | 256 | .667
19, 18.75 1 481 | 12,750 | 1,545 | 85.5 | 253 | 18.46 | .985 | 473 | 1.00S | 251 | 252 .656
20 i 18.50 ; 481 | 13,150 | 1, 545 | 86.0 | 250 | 1817 | .982 ; 471 | 1.010 | 248 | 249 | .648

Data from flight No. 3 of a modified DE—4 airplane with a Liberty 12 engine and a standard Martin bomber

propeller.
TABLE 4
[ i -
r At Stand- |B. =P, ;
t mos- | Atmos- . Standard ard | Tempera-COrTected) Cor- Ratio
Reading Pheric | pherie | Standard Airspeed| Ob-  aliitude | Pressure | 5% 1q. | for T. | rected | corrected
P No g pressure tempers-| sliitude |R. P, M.| (M. P. | served | pressure | correction temnpera- ¢ ction! and P. | B. HP.; B. HP. o
N9 “Gnehes iture (°F.| - (feet) H) |B.EP.| (nches | foctor fBaE CO0RHON at ob- | at 1,550 | B. HPo=
| Hg.) Abs.) Hg.) Abs) M served .R.P. M| 384
5 'R. P. M.
112870 509 800 | 1,560 | 75.5 | 3879 | 29.07 [ 1,008 | 516  0.993 | 379 : 377 | 0. 982
! 2127.60 | 508) 2,000 1,560 | 76.5; 367 |27.82| 1.008 511, .997] 368 366 | .953
; 3126.50| 5031 3,100 1,560 | 77.5| 355 | 26.72 | 1.008 | 507 994 1 356 | 354 922
; 412570 500} 3,800 1,555} 78.0 | 342 26.03 ] 1.013 [ 505 995 | 844 | 343 .893
52475 4971 4,800 1,555 79.0; 33012508 ,1.013| 501 ; .996| 333 332 .865
612400 497 5900 1,555 )80.0, 318 | 2407 | 1.003| 497} 1.000| 319 | 318 | .828
©7123.35] 497t 6,800 1,555180.5] 3111023.26| .997 | 494 1.002| 311 | 310 | .807
812270 493 | 7,500 1,555 | 8L 0| 303 | 22 .65 998 | 492 . 1.000 | 303 | 302 | .787
912216} 490, 8150 | 1,555182.0 | 293 ,22.09 ' .997 ! 489 | 1.000} 292 | 291! .758
10y 21.60 | 487 | 8,700 | 1,550 ; 83.0 | 286 21. 64| 1.002 487, 1.000| 286 | 286 745
11 12116 4891 9,500 1,550 | 84.0 | 282 120.98; .995 | 485 1.004; 282 | 282| .734
12 1 20.70 1 4891 10,300 1,550 { 84. 5| 275|20.34 | .984 | 482} 1.008| 273 | 273 711
131 20.30 | 487 | 10,700 ¢ 1,550 | 85.0 | 270 | 20.03 ! .987 | 480 | 1.007 | 268 | 268 | .698
14 1 19.90 § 486 | 11,250 | 1,550 [ 85.5 | 266 | 19.60 ; .995 | 478 | 1.007 | 266 | 266 | .682
. 15119.55 | 4841 11,700 {1,550 | 86.0 | 260 | 19.26 | .995 | 477! 1. 008 260 | 260 677
I 16 ,19.30 | 482 ] 11,950 | 1,545 1 86.5 | 256 [ 19.07 | .98S | 476 : 1.006 | 255 | 256! .667
17119.05 | 481 | 12,250 | 1,545 | 87.0 | 253 [ 18.84 | .989 | 475 1.006| 252} 253! .657
18 1 18.75 | 481 | 12,750 | 1,545 [ 88.0 | 248 [ 18.47 | .985| 473 | 1.008 | 246 | 247 643
191 18.60 | 481 {12,950 | 1,545 | 80.0 | 244 | 1832 | .984 | 472 1.008 | 242 | 243 633
20 | 18.40 | 480 | 13,200 | 1,545 1 90.0 | 241 | 18.14 | .986; 471 | 1.011 | 240 | 241:% .627

Data from flight No. 4 of a modified DH-4 airplane with a Liberty 12 engine and a standard Martin bomber

propeller.
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TABLE 5
. . Stand- B.HP.
Atmos- ; Atmos- . Standard ard | Tempere- correcied] Cor- Ratio
Reading ph_eric pheric | Standard . Auspeedr Ob- altitude | Pressure i .57 b for T | rected co;rectcd
Na. | Dressure tempeora altitude | R.P. M.| (M. P. ; seryed | pressure . . . and P. { B. HP, to
(inches ture (°F. (feet) H.) B. HP. | (inches . at ob- |at 1,550 B, HP,=
Hg.) Abs.) . 7 Hg.) 'Absﬂ)' Rsexi)vehd/[ R.P. M. 384
1127.851 497 1,050 1,545 1 66.0 | 86312880 }1.033 ] 515 0.982| 368} 369 0.961
21 26. 90 497 | 2,200 | 1,545 ! 67.5 350 | 27.62 | 1.027 511 . 986 354 355 . 924
312600 496 | 3,250 ) 1,545 680 340 26.57 | 1.022 | 507 ; .990 344 1 345 .898
4 125,25 494 4,100 | 1,545 ] 69.0° 329 | 25.74 | 1.018 504 . 991 332 333 ] .867
5| 24.40 ;, 490 5,000 | 1,545 | 70. 0 319 | 24,89 | 1. 019 501 . 989 321 322 | .839
6|2375| 490 | 5800 | 1,540 [ 70.0{ 3091|2416} 1.017 | 408 | .992 | 312 | 314 | .8I8
71 23.15 490 | 6,750 | 1,535 | 71.0 , 301, 23,30 | 1. 007 494 . 995 301 304 . 792
§122.65: 490 7,400 | 1,535 | 71.5 | 2942274 ; 1.004 492 .998 | 294 297 L773
9122 25 1 490 8,000 | 1,540 | 72.0 ., 289 | 22,22 | 1. 000 490 | 1. 000 289 291 . 758
10 | 21.90 | 487 83001 1,545} 72.0 l 284 | 21. 97 { 1. 002 489 . 998 284 { 285 . 742 !
| : - S I .

Data from flight No. 5 of 2 modified DH-4 airplane with a Liberty 12 engine and a standard Martin bomber
propeller.

1,535 | 77. . 006 | 246 | 249 | .G48

TABLE 6
5. oz | 2 &3 g .. | &2 E %= | g |85 % | B
DRI T b SR - PRI TS Cd G
s | 28 leh | fp | Zm g 1 ° §5 |5 | 8% igaMiaem | §
Z 55 | g% g | &> S ® o 3 g& G ETe) o B
e | SF |22 € | 89 < | 2 | 28 o |25 gz STl 3% | o&Y
2% BE| & ER g | B | 88| 5 |8E3| E8 xEElER | aFp
5 £ = g 28 o =1 5 TEw 2 SEE B iH.El 2R | e &
g | 23 |25 £ 55 : E | E | dad | ¢ |82%] B g 5~ | =dm
[ < <& 54 631 ~ < Q @0 B @n 3 <] &} o<t
1120.40 509 — 50| 518 |-1,550 | 65.5 | 379 | 20.86 | 1. 016 | 518 | 0.991 | 378 | 378 | 0. 984
2198251505 1,100 521 | 1,545 ! 66.0 | 368 | 28.75 | 1.017 | 515 | .991 | 367 | 368 | .958
3192740 | 502 | 1,950 | 520 | 1,545 | 67.0 | 354 | 27.87 | 1.017 | 511 | .991 | 353 | 354 | .922
419650 | 408 | 2,750 | 515 | 1,540 | 67.5 | 345 | 27.06 | 1.021 | 509 | .990 | 845 | 347 | . 904
512580, 493 | 3,300 | 509 | 1,540 | 68.0 | 337 | 26.52 | 1.028 | 507 | .987 | 338 | 340 | .885
612510 491 | 4,100 | 507 | 1,540 | 69.0 | 328 | 25.74 | 1. 025 | 504 | .987 | 328 | 330 | . 860
712450 | 4S8 | 4,700 | 505 | 1,540 | 69.5 | 821 | 25.17 | 1.027 | 502 . .986 | 822 | 324 | .844
812400 | 495 | 5,800 | 508 | 1,540 | 70.5 | 315 | 24.16 | 1.007 | 408 | .096 | 316 | 317 | .826
9| 2350|498 | 6,750 | 512 | 1,545 | 71.0 | 309 | 23.31 | . 992 | 404 | 1.004 | 308 | 309 | .805
10 | 23.00 | 498 | 7,400 | 514 | 1,545 | 72.0 | 303 | 22.74 | . 988 | 492 | 1. 007 | 301 | 302 | .786
11 22,50 | 498 | 8,200 | 514 | 1,545 | 73.0 | 297 | 22.05 | . 980 | 489 | 1. 010 | 294 | 295 | . 768
12 122.05 | 496 | 8,700 | 513 | 1,545 | 73.5 | 290 | 21.64 | .981 | 487 | 1. 008 | 287 | 288 | . 750
13! 21,65 | 493 | 9,100 | 510 | 1,545 | 73.5 | 284 | 21.30 | .984 | 486 | 1.008 | 282 | 283 ; .737
14 | 21.25 | 493 | 9,600 | 509 | 1,545 | 74.0 1 276 | 20.90 | .983 | 484 | 1. 011 | 274 | 275 | .716
15| 20.95 | 401 | 10,000 | 508 | 1,540 | 74.0 | 273 | 20.58 ' .982 | 483 | 1.008 | 270 | 272 | 708
16 | 20.60 | 488 | 10,400 | 508 | 1,535 | 73.0 | 267 | 20.26 | . 984 | 481 | 1.008 | 265 | 268 . . 698
|17 ]20.20 | 485 | 10,800 | 507 { 1,535 | 71.0 | 263 | 10.95 : . 988 | 480 | 1. 006 | 262 | 265 | . 0690
18 119.90 | 484 | 11,100 | 507 | 1,535 | 71.5 | 260 | 19.72 | .991 | 479 | 1. 006 | 259 | 262 | .682
191 10.70 | 482 | 11,300 , 505 | 1,535 | 73.5 | 257 | 19.56 , .994 ; 479 | 1.002 | 256 ; 259 | .674
20 | 19.40 | 482 | 11,800 | 503 | 1,535 | 75.0 @ 254 | 19.18 { . 988 | 476 | 1. 006 | 253 | 256 | . 667
21 | 19.25 | 482 | 12,100 | 501 | 1,535 | 76,0 , 251 | 18.96 | .985 | 475 | 1.007 | 249 | 252 | . 650
22| 19.10 | 480 | 12,200 | 501 | 1,535 | 77.0 | 248 | 18”88 | . 9S8 | 475 : 1.007 | 247 | 250 | . 651
f 0 1

| 231 18.90 | 479 | 12,400 | 499

! 247 | 18.73 | .091 | 474
| :

Data from flight No. 6 of a modified DH—-4 airpiane with a Liberty 12 engine and a standard Martin bomber
propeller.



